nutrients, carbon and energy between the trophic positions and through the community (Hunt 82 et al., 1987; de Ruiter et al., 1993) , but the metrices that they provide are more indicative of 83 ecosystem processes and functioning, rather than providing information on soil biodiversity. 84
As most studies are either incidental (too few groups) or too general (food web approaches), 85 or focusing on only one or few sites a good perspective on consequences of global land use 86 intensification across a variety of regions is still lacking. 87
The possible consequences of loss of species from food webs due to agricultural 88 intensification have mainly focused on terrestrial above-ground host-parasitoid systems (e.g. whereas such knowledge on soil food webs is mainly lacking. Understanding the 91 consequences of agricultural land use on soil biodiversity requires taking into account that 92 biodiversity is a multidimensional concept (Purvis & Hector, 2000) . Changes in diversity 93 6 fungivorous, plant associated, plant parasitic and omnivorous/predaceous). Specifically, we 119 quantified effects of agricultural land use intensity on the average trophic level and the 120 diversity among functional groups in the soil food web, as well as on the diversity within four 121 soil faunal taxonomic groups (earthworms, oribatid mites, Collembolans and nematodes). In 122 addition, we determined whether changes in diversity among functional groups may be related 123 to changes in diversity within soil faunal taxonomic groups. Finally, we established land use 124 intensification effects on community-weighted mean body mass of soil fauna, as this is an 125 important trait value of the soil biota. 126 UK (region Chilterns: UK), western Czech Republic (region České Budějovice: CZ) and 130 northern Greece (region Kria Brisi: GR). The regions and farms were chosen to represent 131 replicating agricultural management types across Europe, irrespective of soil types and 132
climate. The annual mean/min/max temperature at the different sites are: 7.8/6.6/9.6 °C (SE), 133 9.5/5.5/13.5 °C (UK), 7.9/3/13 °C (CZ) and 14/4/31 °C (GR) sampling was done at five farms, each including three management types. The management 142 types were: low intensity (grasslands (G)); medium intensity (extensive rotations (E), where a 143 legume or grass is present in a 5 year rotation and kept for at least a year -tilled at most every 144 two years); and high intensity (intensive rotation (I) with annual crops and winter wheat at the 145 time of sampling -annually tilled). This nested design resulted in 60 sampling sites (4 regions 146 × 5 farms × 3 management types). In each site (i.e. field), two plots of 1 m 2 each were 147 randomly selected for sampling but were at least 15 m away from the edge of the field and 148 separated from each other by at least 50 m. Duplicate samples (i.e from the same sampling 149 site) were analyzed separately but data were averaged prior to statistical analyses. Additional8 details on climate, soil properties and management of sites are given in de Vries et al. (2013)  151   (see SI, Tables S4-S7) . 152
For earthworms soil monoliths of 25 x 25 cm length x width and 10 cm depth were taken 153 from each plot. Earthworms were hand sorted, preserved in 5% formalin in the field and 154 transferred after 24h to 70 % ethanol. Earthworms were counted, weighed and determined to 155 species level using keys of Sims & Gerard (1985) , Mršic (1991) Soil mesofauna were extracted from undisturbed samples using Tullgren funnels. 166 Collembolans were determined to species level using keys of Gisin (1960) (1995) between all species/genera in a community at each sample as:
where ω ij 231 is the path length between the two species i and j that show the greatest taxonomic 232 (phylogenetic) distance between them in a Linnaean classification tree including all species of 233 a community and a maximum distance set to 100, and 
Results
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Land use intensity influence on structure and diversity among functional groups 275 in the soil food web 276 The overall diversity and structure of soil food webs differed significantly with land use 277 intensity and region after statistically accounting for seasonal effects (Table 1) . This overall 278 effect (multivariate) was primarily a result of the significant differences between intensive 279 rotations (I) and grasslands (G). These differences were unanimous for all regions. The 280 extensive rotations (E) were more variable and were not different from intensive rotations and 281 grasslands in SE, UK and GR, and from grasslands in CZ (for pair-wise a posteriori 282 comparisons see Table 1 ). 283
Land use intensity significantly affected all the individual measures of food web diversity 284 and structure, i.e. the number of functional groups (N fw ), Shannon index (F H ), and the average 285 trophic level ( ̅̅̅̅ ) (permutational univariate analysis of variance, Fig. 1 ). In each region, at 286 least one of these variables had a significantly higher value in grassland compared to intensive 287 rotation. This indicates that soil food webs are less complex in soils from intensive rotations 288 than in soil from grasslands. The number of functional groups, the Shannon index and the 289 average trophic level in the soil food web varied significantly among regions (Fig. 1 ). The 290 average trophic level was higher in soil food webs from CZ compared to the other regions, 291 while the Shannon index was higher in food webs from SE. This can be explained by the total 292 biomass of almost all functional groups in the food webs that varied accordingly among the 293
regions. 294
Land use intensity influence on community-weighted mean body mass of soil fauna (CBM) (permutational univariate analysis of variance, Fig. 2 ). In all regions except UK 298 the CBM was significantly lower in the intensive rotation compared to the grassland. This 299 indicates that soil animals under intensive rotation are generally smaller; larger animals 300 appear more prone to be reduced by land use intensification. 301 (Table 2 ). These overall effects (multivariate) resulted mainly 306 from the significant differences between intensive rotations and grasslands of all diversity 307 measures in all regions, except for average taxonomic distinctness and breadth in CZ and UK. 308
Land use intensity and diversity within soil faunal taxonomic groups
The diversity within faunal taxonomic groups in extensive rotations did not differ from the 309 intensive rotations or the grasslands, depending on region (for pair-wise a posteriori 310 comparisons see Table 2 ). 311
In most faunal groups the measures Richness (Ν), Shannon index (H), average taxonomic 312 distinctness (Δ * ) and breadth (Δ + ) showed lower levels of diversity with increasing agricultural 313 intensity (permutational univariate analysis of variance, Fig. 3,4) . Earthworm communities in 314 SE and GR, and Collembolan and oribatid mite communities in all regions except in CZ had 315 fewer numbers of species in the intensively managed fields compared to grasslands and those 316 species were also taxonomically more closely related to each other. In contrast, the diversity 317 of the nematode community was not negatively affected by land use intensity, and in some 318 regions the Shannon index was higher in fields with intensive rotation than those with 319 extensive rotation. The diversity of the nematode functional groups (bacterivorous,parasitic nematodes was negatively affected by increasing management intensity, as was 323 observed for richness in CZ and SE (P<0.0008), Shannon index in CZ and UK (P<0.001), 324 average taxonomic distinctness in CZ (P<0.0266) and average taxonomic breadth in CZ and 325
UK (P<0.0234). 326
Several measures of diversity within the taxonomic groups differed significantly between 327 regions (Table 2 ). Earthworm diversity was lower in GR than in SE. Collembolan diversity 328 was generally higher in CZ than in the other regions and oribatid mite diversity was higher in 329 GR and CZ then in SE and UK (Fig. 3,4) . 330
Relationships between diversity among functional groups in the soil food web 331 and diversity within soil faunal taxonomic groups
332
The diversity measures within soil faunal groups were significantly correlated to those 333 among functional groups (Table 3 ), suggesting that agricultural intensification consistently 334 affects most soil food web components and reduces soil biodiversity. More specifically, the 335 diversity measures for earthworms, Collembolans and oribatid mites, as well as average 336 taxonomic breadth of nematodes, were significantly and positively correlated to the number of 337 functional groups in the food web (N fw ). Earthworm diversity measures also showed a 338 significant positive correlation to the Shannon index (F H ) of the functional groups in the food 339 web (Table 3) . 340 diversity in a consistent negative way in four agricultural regions across Europe with 343 contrasting soil and climatic conditions. Specifically, increasing land use intensity decreases 344 diversity within soil faunal taxonomic groups, diversity among functional groups, as well as 345 the average trophic level in the soil food web. The reductions of diversity at the soil food web 346 level were due to a decrease in biomass of functional groups with larger body sizes, especially 347 earthworms, enchytraeids, Collembolans, and oribatid mites, or a decrease in biomass of 348 groups at higher trophic levels, especially predaceous mites, as reported in de Vries et al. 349
(2013). As a result, the community-weighted mean body mass of soil fauna was significantly 350 decreased by land use intensification. Hence at high land use intensity food webs contain 351 fewer trophic levels and fewer species with large body mass. 352
The effect of land use was so intense that in some cases, one or more functional 353 groups were entirely missing. In Greece, for example, earthworms and predaceous 354
Collembolans were absent from intensive rotations, whereas in Sweden, fungivorous mites 355 and predaceous Collembolans were missing. These groups of organisms are characterized by 356 relatively low growth rates and are known to be sensitive to disturbance, with populations 357 often needing decades to recover after tillage (Siepel, 1996 intensification not only reduced richness and Shannon index of faunal groups, but also the 375 average taxonomic distinctness and average taxonomic breadth, which means that the loss of 376 species was consistently related to the loss of taxonomically more distantly related species. 377
Thus, agricultural intensification also caused a loss of taxonomic diversity, which is known to 378 relate positively to functioning (Heemsbergen et al., 2004) . 379
It has been argued that functional redundancy in soil communities can be high, due to 380 generalized feeding habits among most soil biota (Setälä et al., 2005 ). An explanation for the 381 perceived low degree of specificity can be that our tools to detect specialized interactions 382 between cryptic species have been too coarse. With tools to resolve genetic patterns in 383 organisms, specialized trophic interactions are more common than previously thought 384 We conclude that the negative effect of intensive agriculture on soil biodiversity was 435 consistent across regions with widely contrasting climate and soil conditions. Overall, 436 agricultural intensification from grassland to extensive and intensive rotation appears to 437 systematically simplify soil food web diversity, with potential consequences for functioning. 438
The community-weighted mean body mass of soil fauna, the average trophic level anddiversity among functional groups in the food web decreased, while some functional groups 440 were lost entirely under intensive land use. Furthermore, soil faunal communities had fewer 441 and taxonomically more closely related species, which suggests that agricultural 442 intensification can threaten the divergent functions that may be provided by taxonomically 443 distant species. Given that the loss of soil biodiversity is ultimately linked to a loss of soil 444 functions that underpin ecosystem services ( Table  714 1. 715 Table 1 . 725 Table 1. 
